This article addresses an optimal allocation of multi Distributed Generation (DG) units in an Indian practical radial distribution network (RDN) for minimization of network loss and voltage deviation. For this work, combined sensitivity index (CSI) is utilized to identify the appropriate positions/locations of DG units. However, the appropriate size of DG is determined through a nature-inspired; population-based Bird Swarm Algorithm (BSA). Secondly, the influence of DG penetration level on network loss and voltage profile is investigated and presented. In this regard, two types of DG technologies (solar and biomass) are considered for loss reduction and voltage deviation reduction. The performance of CSI and BSA methodology is successfully evaluated on an Indian practical 52-bus RDN.
I. INTRODUCTION
Electric distribution network represents the final electrical connection between the power consumers and huge power supply system. The distribution network is a complex system and having about 70% of the total loss owing to the high value of R/X. Minimization of such high loss is a perplexing task for distribution firms. The major techniques of power loss minimization are capacitor placement, network re-configuration and DG placement [1] . From the past few years, DG placement is becoming a renowned area of research. Several types of DGs and their definitions have been discussed in [2] . DG is a lesser quantity power production that is directly fed to the load/distribution side rather than the transmission system [3] . It is also named as -dispersed generation‖, -decentralized generation‖ or -embedded generation‖ [4] . DG is mainly classified [5] into two categories based on the type of fuel consumed renewable energy resource based DGs and non-renewable energy resource based DGs. A few years back, DG is modeled as an active power source only but now with advances in technology DGs exists in different kinds [6] such as:
Type-1 DG: generates active power only. For example photovoltaic, microturbines Type-2 DG: generates reactive power. For instance synchronous condenser, capacitor Type-3 DG: generates active and reactive power. The synchronous generator is the best example for it Type-4 DG: injects real power and consumes reactive power. The induction generator is an example of it Incorporation of DG into the distribution network (DN) facilitates several advantages [7] such as curtailed power loss, voltage magnitude enrichment and reduced financial investment on the expansion of the existing network and reduced emission. DG location significantly affects the performance of DN. Incorrect placement of DG may cause increased loss, operation and investment cost [8] . However, the appropriate DG placement helps in maximizing the technical, financial and environmental benefits from the DG.
The remaining sections of this paper are arranged as follows: Section II explains related work. Section III presents problem formulation and system constraints. Section IV and V discuss proposed CSI and BSA methods.
Finally, sections VI and VII present experimental results and final conclusions, respectively.
II. RELATED WORK
There are numerous analytical and optimization methods utilized in the literature. A 2/3 analytical method has been used in [9] by considering network loss minimization as an objective. According to this rule in a balanced DN, power loss minimization will be more, if the DG is placed at a distance of 2/3 from the feeder with Practical Distribution Network Copyright © 2019 MECS I.J. Intelligent Systems and Applications, 2019, 7, 54-61 a 2/3 size of DG. The main defect in this method is, it is suitable only for a balanced distribution system but not suitable for the unbalanced system. An analytical method was proposed by authors in [10] for optimal allocation (sizing and sitting) of time-varying DGs in radial as well as networked DNs with time-varying loads. An analytical method for minimization of power loss in DN by optimal placement and sizing using power stability index was proposed by authors in [11] . Simultaneous allocation of DG and the capacitor was proposed [12] . In [12] Sensitivity analysis is employed for optimal placement and analytical method is used for sizing. Authors in [13] suggested a particle swarm optimization, artificial bee colony optimization [14] techniques for network loss reduction using optimal DG sitting. In [15] , SOS (symbiotic organisms search) algorithm, Stud krill herd algorithm [16] , grey wolf optimization [17] were employed for multi-DG allocation in radial DNs. Multiple DG placements under different load models using invasive weed optimization algorithm was proposed [18] .
In this paper, a novel combined sensitivity index (CSI) based on both magnitude of load apparent power and voltage sensitivity is used to identify the optimal nodes for DG integration. However, the optimal DG size is calculated using a new population based BSA. Here, an objective function is modeled to minimize the network power loss.
III. PROBLEM FORMULATION AND CONSTRAINTS

A. Mathematical Problem Formulation
To gain the considerable benefits from the DG, DG must be positioned at the appropriate bus/node with a suitable size. The main motive of this problem is to diminish the network loss. The sum of total network loss is considered as fitness function and is calculated as 
Where, nb=total number of nodes and (j, j 1) loss P  =Real loss between j th node and (j+1) th node
B. Power Flow Constraints
Real power (2) and reactive power (3) flow in each branch and end bus voltage (4) is determined as follows 22 1 , 1 
C. DG Penetration Level
It is represented as given in (5) 100
D. Voltage Deviation
Voltage deviation is calculated using (6) .
E. Voltage Limit
The magnitude of voltages of all buses should lie within the pre-specified range and is represented as
Here, min 0.9
IV. PROPOSED CSI
Optimal location of DG plays a vital role in voltage profile enhancement. Most researchers have used voltage sensitivity analysis and artificial intelligent techniques in the past to identify optimal locations for placement DG units. Many researchers and scientists have suggested sensitivity techniques based on power loss, voltage and a combination of both to solve optimal DG placement problem. In this work, proposed CSI [19] is employed to locate the most suitable nodes/buses to incorporate the DG units on an Indian practical 52-bus RDN. It mainly depends on  Voltage sensitivity  Apparent power of a connected load (KVA)
For K=2, 3, 4,……nb Note that bus ‗1' is a reference bus or substation bus and nb is the maximum number of nodes in the system.
The maximum change in voltage magnitude ( max b V  ) after the placement of DG unit is represented as follows: 
Here, variables act kb V and base kb V are voltages at node ‗b' after and before placement of DG at node 'k', respectively.
The KVA magnitude of connected load at bus ‗k' is calculated as follows:
Here, k PL and k QL are active power magnitude and reactive power magnitude of connected load at node ‗k'. Importance of first term of (8) is that the buses with higher KVA loads should keep those node voltages at higher values as possible. Second term is the maximum voltage magnitude change due to DG placement. Ranking of buses in each feeder is obtained using (8) . The value of S b is calculated at each bus (except reference bus) by injecting active power of 10%, 20% and 30% of total active power. Bus with highest S b value should be selected as candidate bus to place DG unit. Top five sensitive buses in each feeder of an Indian practical 52bus RDN are given in Table 1 . As nodes 19, 24 and 50 are being on top in the priority list, they are selected as candidate nodes to place DG units. 
A. Foraging Behavior
All birds in the swarm quests for food based on its previous knowledge and swarms experience. These actions can be mathematically expressed as below:
In the above expression (11) rand(0,1) represents a randomly generated number between (0,1) and [1, 2,.. .. ]. nD  S and C are respectively named as social accelerated and cognitive accelerated coefficients and both are positive numbers. P m,n is the previous best position of th m bird and n g is the previous best position of a swarm.
B. Vigilance Behavior
Each and every bird in the swarm tries and competes with the rest of the swarm to get a position in the middle of the swarm to safeguard themselves from the predators. Hence, each bird in the swarm would not move continuously towards the center. The mathematical representation of these motions is as follows: 
Where, q ( qm  ) is a randomly selected positive number between 1 and N. a1 and a2 are positive numbers in [0 2]. PFit m represents the m th bird's best fitness value. sumFit denotes sum of the best fitness of all the birds in the swarm.  is a small number to eliminate zero-division error and mean n represents n th bird average position.
C. Flight Behavior
While searching food the birds may travel from one location to other location due to predation threat or any other reason and once again at the arrived site they would forage for food. Some birds of the swarm called producers would quest for food patches while the rest of the swarm called scroungers try to forage the food patches identified by the producers. The mathematical representation of producer and scrounger behavior may be as follows: 
Here, randn(0,1) represents Gaussian distributed random value with 0 and 1, respectively as mean and standard deviation and FL represents the following factor. The flow chart of the proposed BSA is shown in Fig.1 . 
C. Implementation of BSA
The complete algorithm of the proposed method is as follows:
STEP: 1 Load test system line and load data to run power flow program. STEP: 2 Find the most suitable bus in each feeder using the expression (8) In this article, minimization of network loss is taken as an objective and is reached by incorporating multiple DG units into the network. The suitable DG location and size are found out by CSI and BSA. The complete optimization program has been implemented and executed on MATLAB R2014a version installed in Intel Core i3, 4GB RAM HP laptop. Control parameters employed in the execution of proposed BSA are presented in Table 2 and are same for all cases. The BSA is being applied to 52-bus Indian practical RDN [21] . The detailed specifications of this test system which is portrayed in Fig. 2 [22] are given in Table 3 and Appendix A. This test RDN is an arrangement of three feeders consists of total 52 nodes and 51 branches. The uncompensated/base case system is experiencing a total network loss of (887.19+j381.69) KVA. By applying CSI approach bus 19, 24 and 50 are selected as candidate buses to incorporate three DG units. In this work, the following cases are analyzed. Table  4 in terms of optimal DG position, size, and penetration level, loss reduction, minimum voltage level and voltage deviations. which is the smallest value as compared to case 1. The minimum voltage level and total voltage deviation, respectively, in this case, are 0.9139p.u and 2.085 that values are better than case.2. Now in case 3, synchronous generator based DG units injecting real and reactive power at 0.9 P.F are used. In this case injection of reactive power is increased as compared to case 2 which in turn results in more loss reduction with 195.09 KW. The minimum voltage (|Vmin|) level is improved to 0.9166p.u from 0.6844p.u. However, the total voltage deviation (Σ|Vdevi|) is reduced from 8.5796 to 1.9976. Maintaining all nodes of the distribution system within the specified voltage limit is one of the major concerns in electrical power systems. The voltage profiles of an Indian practical 52-bus distribution system before and after DG placement are portrayed in Fig. 3 . Before installation of DG units (Base case), the minimum voltage in test system is 0.6844p.u (At node 50) and 32 nodes are not operating within the specified voltage limit.. However, with case 1, case 2 and case 3, the minimum voltage is improved to 0.8923p.u, 0.9139p.u and 0.9166p.u, respectively. With case 1, the nodes operating within the specified voltage limit are increased from 20 to 48. With case 2 and case 3, all nodes of the test system are brought within the specified voltage limit. However, total voltage deviation reduction is more in case 3 as compared to case 2. 
VII. CONCLUSIONS
In this article, problem on optimal allocation of multidistributed generation in an Indian practical 52-bus RDN has been solved. To minimize the search space in solving a problem, a novel sensitivity index called CSI has been used to identify the optimal nodes to place DG units. A nature inspired algorithm, Bird Swarm Algorithm, has been used to determine the optimal DG size. Two types of DG technologies (solar and biomass) operating at different power factors (1, 0.95, 0.9) are considered for power loss minimization and voltage profile enhancement. From the above obtained results, the following worth notes could be drawn. 
